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Abstract
Objective: This pilot study is the first to assess and compare a trained staff’s intraoral scan to a
clinical examination by comparing the overbite, overjet, Angle canine and molar classification,
and gingival health. The second part of this study is to determine if the self-scan scan from a
patient is as reliable to the staff’s scan.
Introduction: Orthodontic treatment is usually provided over a sequence of appointments. During
each appointment, the doctor clinically evaluates the patient, analyzes the progress and provides
adjustments to continue with the treatment. The most common clinical criteria evaluated are
overbite, overjet, upper and lower midlines, canine and molar classification, spaces or the lack of
spaces, compliance, emergencies and both soft and hard tissue health.
The rise of powerful, accurate and easy-to-use imaging technologies such as intraoral scanners
and personal monitoring devices is changing the landscape of orthodontic practice. This study
focused on the potential for impact of intraoral scanners, which have been proven to have clinical
reproducibility and validity. In this context, if intraoral scans can provide enough information as to
replace a visual clinical exam, then the impact on orthodontic practice would be vast. A reliable
scan would give the orthodontist a full 360-degree model of a patient’s intraoral cavity, allowing
the provider to pre-analyze the patient stage, and postpone adjustment visits if the patient is not
ready for them. The clinician could also be prepared with a full list of all adjustments necessary
and armamentarium to deliver the most efficient adjustments at the precise timely following visit.
This could save the clinician and treatment duration a lot of time and make his or her practice
more efficient.
Additional aspects are to find new ways to improve the patient experience and to make orthodontic
practice more pleasant and less time-consuming for patients. This study analyzed if there are
ways to harness the power of intraoral scanners’ technologies to allow patients to self-scan
themselves accurately enough to portray the information gathered from a routine orthodontic visit
iii

or prior to the visit. This would facilitate the possibility of orthodontic teledentistry and dental
monitoring and allow for orthodontic treatment to be delivered in rural and restricted areas.
Materials and Methods: Volunteers (n=39) from the University of Nevada Las Vegas School of
Dental Medicine who were first time intraoral scanner users participated in this study. This group
included: patients that were seeking treatment, currently receiving treatment or that had finished
treatment. The volunteer’s age, gender, current treatment phase, Angle molar and canine
classification (I, II, III), overbite (mm), overjet (mm), and gingival health (good, fair, poor) were
recorded. Step-by-step instructions to perform intraoral scanning and a 7-minute-long 3Shape
Trios intraoral scanner video tutorial were shown to the volunteer. After answering any remaining
questions, subjects were seated in front of the intraoral scanner so they could see the scanning
computer’s monitor while performing a self-scan. The volunteers were allowed to finish, restart or
abandon their self-scan any time they wished. The STL files from both the staffs’ and the
volunteers’ were imported in the Trios software to measure and note OB, OJ, canine and molar
Angle classification, and gingival health. Then the STL files were imported into 3D inspection and
metrology software (Geomagic Control 2017; Geomagic, North Carolina, USA) where the
volunteers’

scans

were

compared

to

the

trained

staffs’

scans

by

tridimensional

superimpositions. A discrepancy of over 0.5mm anywhere within the two scans was deemed to
be clinically unacceptable.
Results: The mean average difference between OB exam and OB scan was 0.26mm and for OJ
exam and OJ scan 0.11mm. These mean averages were statistically equivalent. The Angle
canine and molar classification, and the gingival health results were equivalent between the
clinical exam and the staff’s scan. For the second part, 34/39 volunteers finished both upper and
lower scans to the best of their capabilities. 23/39 volunteers self-scanned themselves at the time
of when fixed appliances or clear aligners were terminated, 15/39 volunteers were at the time of
records and 1/39 volunteer while it was in treatment. 12/39 volunteers produced clinically
acceptable self-scans.
iv

Conclusion: The intraoral scan provided the equivalent data as the clinical exam when evaluating
OB, OJ, Angle canine and molar classification, and gingival health. In the second part of the study,
a 12/39 volunteers provided clinically acceptable first-time self-scans.
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1. Literature Review
Over the last two centuries, the advent of imaging and impression gathering technologies has
revolutionized every aspect of the dental field. This impact is well documented in academic
literature, including in systematic reviews such as Shah et al. (2014), Mangano et al., (2017) and
Erten & Yılmaz (2018). When analyzed in full, this literature chronicles the evolution of dental
imaging techniques, from the advent of plaster impressions to the emergence of digital
radiography, and from the rise of 3D imaging technologies to the introduction of dental monitoring
smartphone applications. In this literature, the emergence of hand-held intraoral scanners (IOS)
is often identified as a significant technological breakthrough with the potential to create a
paradigm shift in orthodontic practice (Mangano et al., 2017; Erten & Yılmaz, 2018). These
devices, which entered the market in the 2000s, capture direct optical dental impressions through
the use of light and provide a fast and effective way to visualize a person’s mouth (Aragón et al.,
2016; Goracci et al., 2016; Mangano et al., 2017; Erten & Yılmaz, 2018). As these technologies
improve and become easier to use, several major questions emerge about the impact they will
have on orthodontic practice, including whether clinical examinations by the orthodontist will
continue to play an important role in treatment follow up or whether patients themselves will be
able to effectively use IOS technology to capture images and send them directly to their
orthodontist, avoiding or minimizing the need for clinical visits.
This literature review will provide a basic overview of the evolution of imaging technologies and
their impact on orthodontic practice, providing insights into the role that IOS technologies are
having on the field. A brief description of literature that addresses emerging technologies such as
smartphone-based self-monitoring applications will also be provided as a way to contextualize
this study, which aims to evaluate if IOS technologies can continue to impact the orthodontic field
by being placed directly in the hands of patients, minimizing their need to visit the orthodontist.
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1.1 The impact of imaging technologies on orthodontic practice: an evolution
Throughout modern history, orthodontists have relied on a number of different techniques to
create accurate representations of their patient’s mouth and craniofacial structures (Shah et al.,
2004; Erten & Yılmaz, 2018; Palomo et al., 2005). The evolution of these intraoral and extraoral
visualization techniques has shaped our knowledge of human anatomy and continues to influence
orthodontic practice to this day (Erten & Yılmaz, 2018). The constant evolution of these
technologies significantly improves our ability to diagnose complex cases, while also improving
our ability to keep accurate records of patients, allowing orthodontists to follow-up with cases,
consult with colleagues and evaluate a treatment’s outcomes much more effectively (Mangano et
al., 2017; Shah et al., 2004; Erten & Yılmaz, 2018; Palomo et al., 2005). This evolution continues
shaping practice to this day.

1.2 Physical Impressions
The first tools used by dentists to create accurate visualizations of the human mouth were
physical impressions (Papadiochos, 2017; Baheti & Toshniwal, 2015). These reviews describe a
pertinent timeline of the progression of dental physical impressions. Impressions were first used
in the mid 1800s, when dentists realized that the construction of prosthetic restorations required
a detailed visualization of oral tissues (Papadiochos, 2017). Since then, impressions have
remained essential parts of orthodontic practice, providing professionals with important
information they need to tailor treatment for each patient (Aragón, 2016).
The materials and techniques used to gather impressions have evolved tremendously since the
1800s, when beeswax emerged as the first impression-gathering material (Papadiochos, 2017).
Since then, other materials such as gutta-percha, thermoplastic resins and plaster of Paris have
also been used to capture physical impressions (Papadiochos, 2017). In 1856, a British dentist
by the name of Dr. Charles Stent perfected a synthetic material used to create them, allowing
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for the creation of accurate models of his patients’ mouths, which in turn helped him develop
some of the first oral appliances, giving birth to modern orthodontics (Baheti & Toshniwal,
2015). Since then, numerous new formulas have been developed for the purpose of creating
these impressions, including alginate impressions, which are widely used to this day (Nandini,
2008; Baheti & Toshniwal, 2015).

1.2.1 The shortcomings of physical impressions

While physical oral impressions are still widely used as diagnostic models or in preparation of oral
appliances, the shortcomings of this technology are well documented in literature (Baheti &
Toshniwal, 2015; Aragón et. al, 2016; Papadiochos, 2017; Yuzbasioglu, 2014; Rubel, 2007).
These shortcomings are varied, but an analysis of the literature suggests that they can be
clustered around three major issues: accuracy, impracticality and patient discomfort.
Despite advances in the development of material formulas for impressions, both human and
material error can occur throughout the process, affecting the accuracy of the impression
(Yuzbasioglu, 2014). In addition to this, dimensional accuracy over time remains a challenge, as
materials commonly used in impression gathering change and degrade over time (Rubel,
2007). This means that even when impressions are accurate upon collection, they are not a great
resource for patient record keeping, as they are subject to change over time.
In terms of impracticality, current literature is packed with examples of these limitations (Aragón
et. al, 2016; Papadiochos, 2017; Yuzbasioglu, 2014). For one, physical impressions require
physical space for long-term storage, as well as specific conditions that can prevent the
impressions from breaking, which could generate substantial loss of patient data (Aragón et. al,
2016).
These studies have also shown that the process through which physical impressions are
gathered causes significant discomfort in patients, including bad taste, nausea and breathing
3

difficulties, which are avoided with the use of digital impression gathering systems, such as
intraoral scanning systems (Yuzbasioglu, 2014; Schott, 2019).

1.3 Two-dimensional imaging
1.3.1 Film Radiography

In 1895, a German mechanical engineer and physicist Wilhelm Röntgen accidentally discovered
that a new type of ray, which he named the X-ray, could be used to cast images of hard objects
beneath the skin (Shah, 2014; Sansare et. al, 2011). The first X-Ray of the human anatomy was
performed a week later and consists of a rudimentary two-dimensional image of Röntgen’s wife’s
hand (Shah, 2014).
Shortly after Röntgen announced his discovery, a German physician by the name of Friedrich
Otto Walkhoff performed the first dental x-ray (Gensman 1982, Renzai, 1986). Walkhoff took the
first original dental roentgenogram on a portion of a glass imaging plate. That first dental X-ray
consisted of an image of his own mouth, and required an exposure time of 25 minutes. (Gensman
1982, Renzai, 1986).
Over the next century, film radiography played a huge role in dentistry. Until the advent of digital
technologies, conventional 2-D radiographs were the best tool available for dental professionals
to gain critical insight into the internal structure of teeth and the supporting bone, as well as to
reveal caries, periodontal and periapical diseases, and other osseous conditions in and around
the mouth (Shah, 2014).

1.3.1.1 The shortcomings of film radiography
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Despite these important uses, there are abundant examples in literature to support the claim that
conventional radiography using film had severe limitations that range from imprecise
visualizations to health concerns (Shah et al, 2014; Longstreth et al., 2004).
In terms of visualizations, a significant limitation of conventional radiography is the
superimposition of overlying structures obscuring the object of interest (Jacobson A, 1995; Shah
et al, 2014). By collapsing three-dimensional structural information into a two-dimensional image,
important spatial information, leading to a loss of landmark identification, the inaccurate
duplication of measurements, and a significant variation in the position of reference points, such
as sella turcica (Jacobson A, 1995). The fact that film radiography has an extreme limitation in
assessing soft tissue balance is another major visualization shortcoming of this technology
(Jacobson A, 1995).
The accuracy and applicability of these visualizations are not the only shortcomings of traditional
radiography. Film-based radiography also requires cumbersome equipment and a delicate
handling process that make it an ineffective system for visualization (Jacobson A, 1995; Shah et
al. 2014). This includes the presence and maintenance of a darkroom and the handling of
chemicals for processing the images.
The third and perhaps most important shortcoming of film radiography is exposure to radiation.
While this review will not go into the details of these health concerns, it should be mentioned that
high exposure to radiation, especially in the early days of film radiography, has been linked to a
number of health concerns, including certain cancers (Chauhan, 2019; Richards & Colquitt, 1981;
Longstreth, 2004).

1.3.2 Digital radiography

Many of the disadvantages of film radiography were overcome with the advent of digital
radiography (Shah et al. 2014; Sandler & Murray, 2001). Like its predecessor, the main goal of
digital radiography in dentistry is to capture hard tissue, including a patient’s craniofacial structure.
5

However, the main difference with film radiography is that instead of requiring a dark room to
process images, digital radiography captures radiographic image using a solid-state technology
sensor, then breaks it into electronic data which can be presented and stored using a computer
(Shah et al. 2014; Sandler & Murray, 2001). Two-dimensional digital radiography was the first
digital imaging tool to enter the field of orthodontics, creating a seismic shift in the field. Since its
advent in 1987, digital dental radiography has become an essential part of orthodontic treatment
(Sandler & Murray, 2001).

1.3.2.1 Digital radiography in the clinic

The introduction of digital radiography has had a profound clinical impact in dentistry, especially
as radiography allowed practitioners to get clearer images of their patient’s mouths and
craniofacial structures. These digital images are of a better quality and easier to store and share,
allowing for the creation of more complete medical records of patients (Erten & Yılmaz 2018).
This in turn has improved a practitioner’s ability to closely follow up treatment progression while
also allowing them to more easily consult with other specialists (Erten & Yılmaz 2018).

1.3.2.2 The benefits of digital radiography

Until the emergence of digital radiography, the images taken by conventional radiography
machines could only be visible after processing via the use of harsh chemicals (Çifter, 2018).
Digital imaging enabled the display of images instantly, which gives clinicians the opportunity to
rapidly assess the quality of the capture, avoiding unnecessary patient call-backs (Çifter, 2018).
Digital imaging also allows for easy editing of elements like contrast, density, sharpness and
image orientation, which can also be achieved without additional radiation or visits from the
patients (Shah et al., 2014).
6

One of the most commonly cited positive features of digital radiography is the reduction in
radiation, which is believed to decrease by up to 80% when compared with conventional plain film
radiography (Mouyen et al., 1989). Other benefits include shorter processing times and the
elimination of darkrooms and the total reduction of exposure to harsh chemicals used to develop
film images (Shah et al. 2014).
As mentioned before, digital radiography also allows clinicians to safely record key stages of
treatment, allowing orthodontists to communicate more effectively with patients and plan
treatments more effectively (Wander, 2014).

1.3.2.3 The shortcomings of two-dimensional digital radiography

Despite the advances brought to the field by the advent of two-dimensional imaging, there are
many shortcomings of using two-dimensional images to represent three-dimensional entities
(Palomo et al., 2005; Jacobson A, 1995). In many respects, the visualization issues mentioned
above regarding film-based radiography true despite the transition to digital technologies (Hans
et al., 2005). This is because when clinicians use two-dimensional imaging, some cephalometric
structures and landmarks that do not exist in the patient appear in the images (Hans et al., 2005).
These include mandibular symphysis, articulare, pterygoid fossa, and “key ridges.” In addition to
this, two dimensional visualizations average bilateral structures like the right and left inferior
borders of the mandible to create a unified anatomic outline (also known as the mandibular plane).
This results in loss of important parasagittal information and, if present, asymmetry of the patient
(Hans et al., 2005). In this context, the complexity of maxillofacial skeleton cannot be accurately
captured in two-dimensional radiographic images and do not accurately replicate the anatomy
that is being assessed (Hans et al., 2005; Shah et. al, 2014). Anatomical structures surrounding
the teeth may superimpose causing anatomical or background noise, leading to difficulty in
interpreting periapical radiographs. 2-D radiographs show less severe bone destruction than is
actually present (Hans et al., 2005).
7

1.3.3 Photography

Photography has also played an important role in orthodontics with some articles suggesting that
capturing extraoral images throughout the course of orthodontic treatment has been common
practice since as early as 1919 (Graber, 1946). Regardless of whether one is talking about film
or digital technologies, the basic aim of photography in orthodontics, as seen from a review of the
literature, has always been to provide a visual record of a particular object or condition at a
particular time, which can then be used to help a diagnostic tool, as well as a record keeping
method (Graber, 1946; Kumar Shetty B et al., 2017; Cifter, 2018).
The transition from film photography to digital photography throughout the late 90s and early
2000s, has helped make photography more ubiquitous in the dental clinical. Digital photography,
also known in the dental field as Digital Dental Photography (DDP), is now a key tool for
orthodontists. It helps reducing processing times, improving the ease of use and especially
digitalization has contributed to the ubiquity of photography in orthodontics (Kumar Shetty B et al.,
2017). Although it continues to be used as a diagnostic as well as a record-keeping tool, current
technology allows for more detailed photographic results, including the capture of intraoral and
extraoral images in the clinic (Cifter, 2018). Most treatment protocols suggest that at least four
extraoral and five intraoral photographs are captured each time a patient visits the orthodontist
throughout their treatment (Cifter, 2018). These images are used for planning and documentation
purposes and show a plethora of different aspects of a patient, amongst them including their
natural smile, as well as the complete dentition and occlusion at different stages of treatment
(Cifter 2018). DDP also contributes to the orthodontic discipline in other ways. The communication
with patients, self-check of specialists, treatment planning, and provision of treatment for clinical
research and education benefit from it (Cifter 2018).
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1.4 Three-dimensional imaging
Three-dimensional imaging technologies effectively resolved with many of the imaging
shortcomings associated with two-dimensional radiography (Palomo et al., 2005; Erten & Yılmaz
2018). These include a decreasing the amount of radiographic projection error, enlargement and
distortion, exposure to radiation, weaknesses of landmark identification, inaccurate duplication of
measurements, significant variation in the position of reference points, such as sella turcica, and
extreme limitations in assessing soft tissue balance (Erten & Yılmaz 2018). The claim is also
supported by studies such as those performed by Botticelli et al., who corroborate the superior
power of three-dimensional imaging over two-dimensional imaging for making diagnosis and
tracking progress throughout a patient’s treatment plan (Botticelli et al., 2010).
Today there are several types of three-dimensional imaging technologies used by orthodontists.
These technologies capture different elements of a patient’s anatomy and are deployed for
different uses within orthodontic practice. Despite this variation, all three-dimensional imaging
technologies are similar in the fact that they allow orthodontists to evaluate their patients by
capturing all anatomical dimensions, inclusive of the transverse dimension (x-axis), the vertical
dimension (y-axis), and the anteroposterior or depth dimension (z-axis). In addition to this, these
technologies are also often non-invasive and the images they create are digital, making it easier
to edit, analyze, store and share them, deepening their impact on the field of orthodontics (Erten
& Yılmaz 2018).
While these technologies individually allow orthodontists to gain important insights that guide
diagnosis and treatment and help create appliances. When combined they can also play an
important role in more complex procedures such as orthognathic surgery. Due to these threedimensional imaging technologies, complete models of a patient’s craniofacial anatomy can be
assembled, which includes their facial soft tissues, facial skeleton, and dentition. These models
are achieved through “image fusion” allowing orthodontists to create “virtual 3D patients” that are
9

interactive and accurate and can easily be shared with multidisciplinary teams. Subsequent virtual
patients are increasingly being used for surgery planning and will continue to play a bigger role in
orthodontic practice as 3D imaging technologies continue to progress.

1.4.1 Computed tomography (CT)

Computed tomography (CT) was the first 3D imaging technology to enter dental practice.
Originally invented in Great Britain in 1972, it wasn’t until 1987 that the technology became
available for dental application (Shah et al. 2014).
There are different types of scanners that use CT technology to capture 3D images, although the
main division is between fan-beam scanners and cone-beam scanners (Erten & Yilmaz 2018).
Fan-beam scanners gather images through the use of a narrow fan-shaped X-ray beam that
captures multiple exposures around an object. Images are then combined through the use of a
mathematical algorithm, revealing a 3D image of the internal structure of a patient. These 3D
captures give clinicians a more complete view of a patient’s morphologic features when compared
to simple 2D images.
Fan-based CT scanners have been used since the 80s to assess injuries of the maxillofacial
skeleton region. According to Shah et al., they are an excellent tool for detecting complex facial
fractures, like those involving the frontal sinus, naso-ethmoidal region and the orbits. CT helps to
diagnose undisplaced fractures of the mandible and the condyle, which are not apparent on
panoramic radiographs (Shah et al. 2014).
The greatest disadvantage of fan-based CT imaging devices is radiation. Other disadvantages
include high costs of the scans and poor resolution (Shah et al. 2014). Due to these limitations,
fan-based CT devices had difficulty in picking up on smaller dental fractures which are below the
resolution capability of CT. This inability limits the possibility of accurate diagnosis by showing
false-negative results.
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Cone-based computed tomography (CBCT) is a newer generation CT technology that uses a flat
panel sensor and a projection beam to capture the 2D images that are then mathematically
converted to a 3D image. Originally introduced into dental practice in the United States between
2001 and 2004, CBCT provides a high spatial resolution of bone and teeth when compared to
fan-based CT.
CBCT imaging is uniquely suited to dentistry and orthodontics because it has high resolution and
significantly lower radiation than a fan-based CT (Shah et al. 2014). It is also significantly cheaper
than fan-based CT scans (Erten & Yılmaz 2018). CBCT has quite a wide usage area, especially
to evaluate the craniofacial skeleton and related pathologies. High resolution of CBCT has helped
in detecting a variety of cysts, tumors, infections, developmental anomalies and traumatic injuries
involving the maxillo-facial structures. It has been commonly used for evaluating dental and
osseous disease in the jaws and temporo-mandibular joints and treatment planning for dental
implants (Shah et al. 2014; Erten & Yilmaz 2018).

1.4.2 3D Laser Scanning

Laser scanning is another three-dimensional imaging technology that plays an important role in
many fields of dentistry. It is a non-invasive technology that captures both facial morphology and
soft tissue. As opposed to CT technologies, where laser scanning only captures surface images.
3D laser scanning works by triangulating distances between the reflecting laser beam and the
scanned surface (Kusnoto & Evans 2002). This allows the laser scanner to detect not only an
object's length and width but also its depth. It is then represented in a digital image with the help
of corresponding computer software (L. O. L. Bohner et al., 2017; Kusnoto & Evans, 2002).
Laser Scanning gave orthodontists a new tool to help diagnose various conditions and track
progress made through treatment. These include the analysis of facial morphology, the evaluation
of facial symmetry, the assessment of cross-sectional growth changes, the measurement of
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treatment outcomes, the evaluation of clinical outcomes for surgical cases and the visualization
of soft tissue changes over time (Erten & Yilmaz 2018).
This validity of 3D laser scanning for orthodontics has been proven in many studies (Kusnoto &
Evans, 2002, Kau et al., 2005). Both these studies highlight the accuracy and reliability of the
images captured by 3D laser scanning devices, their low cost and ease of use (Kau et al., 2005).
Yet, 3D laser scanning is not without its limitations. Extended capturing time makes it hard to use
this technology with pediatric cases and adding to the inability to capture soft tissue surface
texture and safety issues due to exposing the eyes to the laser beam, poses some limitations for
its use (Hajeer et al., 2004).

1.4.3 Stereophotogrammetry

Stereophotogrammetry is another 3D imaging technique used in dentistry. This technology
provides an alternative to 3D laser scanning and consists of the photographing of subjects by two
or more cameras that are configured to capture every angle of the subject’s face. The 2D images
taken by these cameras are then layered to create 3D models using specific software.
These systems are capable of accurately reproducing the surface geometry of the face and map
realistic color and texture data onto the shape. This results in a lifelike rendering that allows
orthodontists to view the entirety of their patients face, rotating to see different angles, and
zooming in and out to see details (Heike et al., 2010).
Erten and Yilmaz (2018) describe the multiple uses and benefits of stereophotogrammetry.
According to them, this is a non-invasive and non-contact technique with no radiation exposure,
that is beneficial for capturing facial morphology and soft tissue changes. The very short
acquisition time makes it an ideal alternative for pediatric patients, and because it is a digital
technology it is great for record-keeping and it can be shared between clinicians.

1.4.4 Intraoral Scanning (IOS)
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Intraoral scanners (IOS) are 3D imaging devices that capture direct optical impressions in
dentistry (Mangano et al., 2017; Erten & Yilmaz, 2018). Expounds that IOS devices collect images
by projecting light onto the object to be scanned, in this case the inside of a patient’s mouth.
Diffracting light is then captured by imaging sensors and processed by the scanning software,
which generates a 3D surface model. These models are the result of the optical impression and
serve as a digital imaging alternative to traditional plaster models (Mangano et al. 2017).

1.5 A deep dive into Intraoral Scanning (IOS)
As this study aims to evaluate the impact that IOS technology continues to have on orthodontic
practice, it is pertinent to review the literature that discusses this technology in further depth,
including Mangano et al. (2017) and Erten & Yilmaz (2018).

1.5.1 Clinical applications of IOS

IOS technologies provide 3D visualizations that are of great utility to dentists of different
specializations and are used in multiple stages of dental treatment from diagnosis to the
fabrication of restorations and prosthesis as well as in surgery and orthodontics treatment
(Mangano et al., 2017).
In many avenues of orthodontics, IOS technology can be applied for two main reasons: the
accuracy of the images and the versatility of the files created by this technology.
On one hand, digital IOS imaging provides a create tool for orthodontists to accurately visualize
their patient’s mouth. As Mangano et al. (2017) explain, these accurate visualizations play an
important role in diagnosis and treatment planning.
But 3D models captured by IOS technology can also be used for the creation of prosthesis and
aligners, as the files captured during optical impressions may be imported into computer-assisted
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design (CAD) software. It allows orthodontists to design customized prosthetics and appliances
such as retainers, expanders, or aligners, which can then be transferred to computer-assisted
manufacturing (CAM) software and then 3D printed to manufacture the appliance and get it ready
for clinical use.
Erten and Yilmaz provide a similar list of clinical applications for IOS imaging. It can be used for
the development of digital models that provide orthodontists with precise diagnostic information
that helps with treatment planning. Like Mangano et al., the authors highlight the technology’s
ability to create 3D models that assist with the fabrication of custom-made fixed or removable
appliances (Mangano et al. 2017). IOS models also allow orthodontists to plan potential
treatments on the digital model aiding in control of the positioning of brackets and aligners to
provide a predictable and desired outcome. In addition to this, the capacity to use 3D models
captured by IOS to construct appliances such as aligners using CAD and CAM technologies is a
game-changer for orthodontics as clear aligner therapy has become ultra-popular in the last years.

1.5.2 The benefits of IOS

1.5.2.1 Time efficiency

Several studies cited by Magano et al. have shown that IOS enables the reduction of working
times and therefore costs when compared to conventional impressions (Mangano et al. 2017).
These improvements in time-efficiency are not necessarily tied to the amount of time it takes to
make the impression itself, as both IOS and conventional impressions take around 3-5 minutes
to be collected, but rather in the amount of time that is saved during subsequent steps, such as
the processing of the impressions and the ability to use them to plan treatments and create
appliances.
In terms of processing times the amount of time saved through the use of optical impressions is
significant. For they are digital, IOS models do not require that stone casts be poured in order to
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obtain physical plaster models; rather the digital models are created as soon as the scan is
complete which means that it is ready for immediately analysis. Furthermore, sharing these
impressions with dental laboratories is more time efficient, as files can be sent electronically. It
reduces the reliance on postal or courier services, cutting processing time and costs.

1.5.2.2 Better communication with dental technicians

Another benefit of IOS technology is that it allows clinicians and dental technicians to assess the
quality of the impression in real-time. This is only possible, because models can easily be shared
between both parties via email allowing technicians to quickly assess the quality of the impression
and provide real-time feedback. If necessary, they can request for a clinician to make another
impression immediately helping to avoid a second appointment for the patient. Similarly, if the
office has the capability to make its own in-house aligners or has in-house dental technicians,
they can start creating appliances as soon as the scan has been completed.

1.5.2.3 Better patient experience

A review of the literature reveals that there are several ways in which IOS technology delivers a
better patient experience than conventional impressions. One major improvement has to do with
patient comfort (Mangano et al. 2017; Ahlholm et al., 2018). Pertinent studies such as those
performed by Ahlholm et al. found that optical impressions using IOS decreases patient
discomfort significantly when compared to traditional physical impressions. The taste and
consistency of the materials used for conventional physical impressions tend to cause discomfort
to patients and is especially true for patients with a strong gag reflex (Ahlholm et al., 2018).
Another way IOS technology improves patient experience relates to the way in which it facilitates
communication between clinicians and patients. IOS improves communication with patients by
allowing clinicians to show their patients 3D models which can be zoomed in and
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rotated. Treatment objectives can be visualized with a virtual simulation of the end-treatment
results. This allows patients to feel more involved in their treatment and it has shown to have a
positive impact on the overall treatment by improving various aspects like patient compliance to
oral hygiene.
Given these benefits, it is no surprise that multiple studies that evaluated patient satisfaction
concluded that the vast majority of patients prefer IOS over conventional impression taking
(Christensen, 2008; Joda & Brägger, 2016; Yuzbasioglu et al., 2014; Schott, 2019). Patient
comfort is a vital factor that influences how successfully a dental office operates.

1.5.3 The disadvantages of IOS

1.5.3.1 Learning curve

One of the main disadvantages of IOS technology is the steep learning curve associated with its
use. Studies have shown that while young dentists tend to be able to quickly learn how to use the
technology, older clinicians with less experience dealing with technology tend to find IOS devices
and related software difficult to use (Lee et al., 2013). The existence of this learning curve has
been documented in other studies that show that the learning curve can be overcome and that
the technology itself has embedded mechanisms that help prevent this learning curve from
affecting outcomes for patients, as it allows for things like missed areas to be rescanned
(Yuzbasioglu et al., 2014).

1.5.3.2 Difficulty detecting deep margin lines of prepared teeth

One of the most cited shortcomings of IOS technology is the difficulty to detect deep marginal
lines on prepared teeth, especially if the patient is bleeding. Studies have shown that light is not
efficient in detecting finishing lines, which is especially a problem in aesthetic areas, where it is
important for the clinician to place prosthetic margins subgingivally (Mangano et al. 2017). Unlike
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conventional impression materials, light cannot physically detach the gum, which means that it
cannot register non-visible subgingival areas. A similar issue occurs in the event of bleeding.
Blood may be an impediment for proper visualization, as it obscures prosthetic margins (Lee et
al., 2013; Mangano et al., 2017).
There are, of course, ways to avoid these shortcomings, if proper attention is given to procedures
and strategies that highlight the preparation lines and if bleeding is avoided through excellent oral
hygiene and correct emergency profile. This, as well as the possibility afforded by IOS technology
or redoing scans, allows clinicians to collect good optical impressions using IOS, even in difficult
contexts.

1.5.3.3 Purchasing and managing costs

The costs of purchasing and maintaining an IOS device and its related software is one of the
major aspects limiting universal application. The cost of purchasing an IOS lies between
US$ 16,500 and US$ 38,6000. While these prices are going down as more models flood the
market, they can be prohibitive for many dentists (Mangano et al. 2017).
Clinicians also must consider costs associated with software upgrades, which are often a hidden
cost of IOS technology. Different manufacturing companies have different policies regarding these
updates. It is important for clinicians to be informed of the annual management costs and fees
associated with both the device and its software before purchasing. Finally, clinicians should also
be weary of IOS systems that only output proprietary file formats, as an annual or monthly fee
may be required to ‘unlock’ the files and render them usable by CAD software.
Despite these costs, studies that have done a cost analysis of IOS adoption, such as Aragon et
al., the purchase cost of a high-end, last-generation IOS can be cushioned in a couple of years
due, owing it to the ability to reduce workflow costs (Aragón et al., 2016).

1.5.4 Assessing the accuracy of IOS
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Accuracy is the main feature that IOS technologies require in order to be useful in a clinical setting.
As Mangano et al. suggest, the accuracy of an IOS device should be measured in two distinct
ways: trueness, which they define as the ability to create a model that is as true to reality as
possible; and precision, which is defined as the machine’s ability to collect the same impression
from the same source on multiple occasions. In other words, in order to have true clinical utility,
an image created by an IOS system should be as true as possible to reality detecting any
impression detail present in the patient’s mouth and creating a virtual 3D model in which little or
nothing deviates from reality, as well as it should be reproducible (Mangano et al., 2017).
Trueness and precision of an IOS depend on two things: software and hardware. Mangano et al.,
suggest that the former is more important, as the scanner acquisition and processing software
performs the most difficult task of the process, consisting of ‘building’ the 3D virtual models,
whereas the hardware, which determines sensitivity of what can be collected is also important,
but universal, as most available IOS models have powerful cameras attached to them (Mangano
et al. 2017).
Scientific literature assessing the accuracy of IOS systems abound and agrees on the accuracy
of optical impressions universally been deemed to be clinically satisfactory, similar to that of
conventional impressions (Mangano et al. 2017). Particularly in single-tooth restoration and the
creation of fixed partial prostheses of up to five elements. In fact, Mangano et al. cite numerous
studies such as Ender et al. and Zhang et al., who among others found that the trueness and
precision of optical impressions are comparable to those obtained with conventional impressions
for short-span restorations. (Ender & Mehl, 2013; Mangano et al., 2017; Zhang et al., 2016)
This is not to say that optical impressions are perfect. As Mangano et al. suggest, optical
impressions collected through IOS are not as accurate as conventional impressions for the
creation of long-span restorations like partial fixed prostheses with more than five elements or
full-arch prostheses on natural teeth or implants (Mangano et al. 2017). The authors again cite
large studies, amongst them Ender et al. and Zhang et al. Both concluded that intraoral scanning
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of the entire dental arch with large edentulous, generated errors that are not compatible with the
fabrication of long-span restorations (Ender et al. 2016; Zhang et al. 2016). For the creation of
these larger restorations, conventional impressions are still indicated. It is worth mentioning that
manufacturers are constantly creating new hardware and software for IOS, which means that new
generation scanners are bound to eventually reduce errors in full-arch impressions to the point
that they will inevitably become the main tool used to capture these impressions (Goracci et al.,
2016).

1.5.5 Does the type of IOS device matter?

The objective of this literature review is not to compare different IOS models and manufacturers,
the author will limit himself to point the reader to reviews (Fukazawa et al., 2017; Renne et al.,
2017) and say that there are significant differences in accuracy and ease of use of IOS models.
A number of characteristics differentiate IOS systems in terms of their clinical use. These include,
but are not limited to, the necessity to use opacization with powder, scanning speed, tip size,
ability to detect in-color impressions, accuracy and whether output files are free to interface with
all available CAD software. These differences in hardware and software shape the particular
characteristics of each device and affect their clinical utility and impact.

1.5 Smartphone-based personal monitoring devices and the rise of teledentistry

In recent years a new type of imaging technology has emerged with the potential to radically
transform dental practice. It is known as a personal monitoring device and relies on a tool that is
as powerful as it is ubiquitous, the smartphone.
In dentistry, personal monitoring devices refer primarily to smartphone-based technologies that
patients can use to capture images and video of their mouths. These images, which are processed
through a mobile application, can then be sent to orthodontists, who, at least in theory, can use
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them to diagnose conditions, create treatment plans and monitor treatment progression without
the need of patients visiting the clinic.
In this context, it is worth noting that while personal monitoring devices are still in their infancy, a
number of formative works have been published in the last couple of years that discuss their
advent and their potential impact on dentistry. For the purposes of this literature review, we will
focus on two examples: Moylan et al. and Morris et al. (L. Bohner et al., 2019; Morris et al., 2019;
Moylan et al., 2019)
According to Moylan et al., monitoring technologies today combine the hardware of mobile phone
(i.e. cameras and processing power) with powerful software that utilizes artificial intelligence to
maximize the modeling created by the devices. This powerful combination allows orthodontists to
visualize their patient’s mouth without the need to have them come into the office. This remote
follow up is known as teledentistry.
As stated by Morris et al., teledentistry is the combination of telecommunications and dentistry to
provide more access to dental care. In the most basic of ways, it involves the digital exchange of
clinical information between a patient and a clinician for dental treatment to occur. The main goal
of this practice is to allow orthodontists to maintain treatment control of patients who are unable
to come into the office for regular visits. While this is especially important in remote areas or where
there is a shortage of providers, teledentistry can also be seen as a way to improve the patient
experience by simply removing the need for clinical visits.
As stated above, in the orthodontic context, teledentistry depends on the use of personal
monitoring devices that allow doctors to diagnose a problem or monitor a treatment in real time.
New technologies that rely heavily on artificial intelligence are making this easier, as orthodontists
can track tooth movement using the images and videos taken by patients, who only require a cell
phone and specific cheek retractors to ensure the image is clear.
These imaging technologies have been found to be particularly useful for both treatment
progression and in minor emergencies such as discomfort due to an appliance or elastomeric
20

ligature displacement, as orthodontists can help monitor treatments and solve these emergencies
without the patients having to come in for an office visit.
While this progress can be monitored on a regular basis, Morris et al. suggest that it can also
occur in real time, as software allows orthodontists to receive a notification when a preset
objective has been achieved, such as a specific amount of space opening or space closure, or if
a problem is detected in a routine or emergency scan performed by a patients. These alerts can
thus notify an orthodontist of a broken appliance, poor hygiene, or gingival recession without the
need for clinical visits.
The accuracy of personal monitoring devices and their ease of use are essential for the efficacy
of teledentistry. In this respect it is worth noting that both Moylan et al. and Morris et al., performed
small but significant studies that measured the accuracy of digital monitoring devices. The Moylan
et al., study, which analyzed nearly 30 images captured with these devices, conclude that the
monitoring software provided an accurate assessment of linear tooth movements. Similarly,
Morris et al.’s study concluded that 3D digital dental models generated by DM smartphone
application (Dental Monitoring 2019, Dental Monitoring, Paris, France) in photograph and video
modes were accurate enough to be used for clinical applications. If that were not enough, the
authors also found that digital telecommunication systems decreased cost of material and chairtime needed for the scanning process while improving patient’s satisfaction.
In conclusion, these two studies, albeit small, prove the accuracy and the benefits associated with
personal monitoring devices, and show the promise that this technology has in transforming
dental practice.

1.6 Problem Statement: New frontiers in orthodontic practice
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Orthodontic treatment is usually delivered in a sequence of appointments. During each
appointment, the doctor clinically evaluates the patient, diagnoses the stage, analyzes the
progress and delivers adjustments to continue with the treatment. The most common reference
points that doctors evaluate tend to be the overbite, overjet, upper and lower midlines, canine and
molar classification, spaces or the lack of spaces, compliance, emergencies and both soft and
hard tissue health. Taking a CBCT scan in every visit would allow the doctor to optimize treatment
in terms of outcomes and treatment time. However, this would be unethical as the patient would
be receiving unnecessary amounts of radiation.
To counteract the first of these problems, doctors take extraoral and intraoral pictures and/or
dental models to monitor how the treatment is advancing and to see whether it is accomplishing
its objectives, as well as to capture an extraoral view of the oral cavity. Due to the cumbersome
nature of these steps, and time restraints, these steps are often omitted, which means that vital
adjustments that can minimize treatment time and/or emergencies are often missed.
The rise of powerful, accurate and easy-to-use imaging technologies such as intraoral scanners
and personal monitoring devices has the potential to change the landscape of orthodontic practice.
This particular study will focus on the potential for impact of intraoral scanners, which have been
proven to have clinical reproducibility and validity. In this context, a promising question arises:
can intraoral scans provide enough information as to replace a visual clinical exam and the
extraoral/intraoral picture visit?
If the answer is yes and an intraoral scan can collect all the information provided by a clinical
exam, then the impact on orthodontic practice would be vast. A reliable scan would give the
orthodontist a full 360-degree model of a patient’s intraoral cavity, allowing the provider to preanalyze the patient stage, and postpone adjustment visits if the patient is not ready for them. The
clinician could also be prepared with a full list of all adjustments necessary and armamentarium
to deliver the most efficient adjustments at the precise timely following visit. This could save the
clinician and treatment duration a lot of time and make his or her practice more
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efficient. Furthermore, having each intraoral scan at each appointment, orthodontic data could be
collected and precisely analyzed to elevate the understanding of the orthodontic biomechanics
behind the treatment.
But making a clinician’s practice more effective is just half of the battle. As we continue to focus
on patient-centric care, it is important to find new ways to improve the patient experience and
make orthodontic practice more pleasant and less time-consuming for patients. In this context,
this study hopes to answer if there are ways to harness the power of IOS’s technologies to allow
patients to self-scan accurately enough to portray the information gathered from a routine
orthodontic visit or prior to the visit. This would facilitate the possibility of orthodontic teledentistry
and dental monitoring and allow for orthodontic treatment to be delivered in rural and
unprecedented areas.

1.7 Purpose
This pilot study is the first to assess and compare a trained staff’s intraoral scan to a clinical
examination by comparing the overbite, overjet, Angle canine and molar classification, and
gingival health. The second part of this study is to determine if the self-scan scan from a patient
is as reliable to the staff’s scan.

1.8 Hypothesis
1.8.1 First Null Hypothesis
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The first null hypothesis is that accuracy of the scans will provide deviations from the data
acquired from a clinical orthodontic visit (Angle molar and canine classification, OB, OJ, and
gingival health).

1.8.2 Second Null Hypothesis
The second null hypothesis is that patients’ scans will provide deviations from scans provided by
trained staff.
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2. Materials and methods
2.1 Clinical exam
Thirty-nine volunteers from the University of Nevada Las Vegas orthodontic clinic participated in
the study after informed consent, IRB approval and ethics approval. Patients that were seeking
treatment, currently receiving treatment or that had finished treatment were examined by an
orthodontic resident. The inclusion criterion was that this was their first experience with an IOS.
The exclusion criterion was the current use of metal brackets. The volunteers were positioned in
an operating chair. The exam was conducted with a periodontal probe and mirror. The age,
gender, current treatment phase, the Angle molar and canine classification (I, II, III), overbite (mm),
overjet (mm), and gingival health (good, fair, poor). Overbite and overjet were measured
specifically from the middle of the upper right central incisor to provide a constant point of
reference when measured and compared digitally.

Figure 1: OB and OJ measured from the middle of the upper right first incisor.

2.2 Scans
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Then an almost 7 minutes 3Shape Trios intraoral scanner tutorial was shown to the volunteer.
The video was made and published by 3Shape to teach and train 3Shape Trios users (Müller et
al., 2016). Then a 3Shape Trios intraoral scanner trained staff member scanned the volunteer.
A written step-by-step instructions page with pictures was given to the volunteers. After answering
any remaining question the volunteer had, they were seated in front of the intraoral scanner so
they could see the scanning computer’s monitor while performing a self-scan. The instruction was
to try their best at scanning both first lower arch and then the upper arch. The volunteers were
allowed to finish, restart or abandon their self-scan any time they wished. They had no time
constraints, number of scans and were not obliged to finish their scans. This later was modified
to either 1500 pictures or 5 minutes per arch because of clinic time constraints. Clear cheek
retractors (Optragate, Ivoclar Vivadent, Amherst, USA) and nitrile gloves were provided but not
required for the self-scans.

2.3 Processing scan-data and analysis
All non-essential data, such as traces of retractors or fingers, were removed manually in the Trios
software. The resulting scans were polygonised in the software with settings at high detail to
create an STL file. The STL files from both the staffs’ and the volunteers’ were imported in the
Trios software to measure and note for OB, OJ, canine and molar Angle classification, and
gingival health. Then the STL files were imported into 3D inspection and metrology software
(Geomagic Control 2017; Geomagic, North Caroline, USA) where the volunteers’ scans were
compared to the trained staffs’ scans by tridimensional superimpositions.

2.4 Accuracy evaluation of clinical exam vs staffs’ scan.
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The clinical exam OB, OJ, canine and molar Angle classification, and gingival health were
compared to the clinical exam notes. A two one-sided test for equivalence was used to compare
OB and OJ to determine if the values were equivalent.
While measurements at different times or using different formulations can vary, it's often useful to
determine if the two measurements produce equivalent results. Traditional hypothesis testing
seeks to determine if means are the same or different, but it can have false positives. Equivalence
testing determines an interval where the means can be considered equivalent. To compare canine
and molar Angle classification, the chi-square test was used.

2.5 Evaluation of staffs’ scan to volunteers’ self-scan.
For subsequent calculation of accuracy and precision between the staffs’ scan and the volunteers’
self-scans, an after best-fit alignment 3D Compare Analysis was performed. Color histograms
were included to visualize the distribution of deviations of the surfaces with their maximum
discrepancy registered as scale. This will allow to show the location and severity of the
discrepancies between the two scans. The professional standards established by the American
Board of Orthodontics (ABO) objective grading system consider deviations of <0.5mm for
alignment and marginal ridge categories to be clinically acceptable. A discrepancy of over 0.5mm
anywhere within the two scans would make the self-scan clinically unacceptable. Since the scan
needs to be clinically acceptable to work and be useful, any scan that did not fulfill the minimum
requirements were considered as clinically not acceptable.
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3. Results

Table 1: clinical exams vs staffs’ scans. OB and OJ were measured in mm. Angle classification was measured in class 1, 2, and 3. Gingival health was classified in
poor, fair, and good. Age was measured in years. Gender was categorized in female and male. Phase was categorized in records, in treatment, and debond. The
highlighted rows determine if the self-scans had less than 0.5mm discrepancy after being superimposed to the staffs’ scans.
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Table 2: OB and OJ averages of clinical exam and staffs’ scans in mm.

The mean average difference between OB exam and OB scan was 0.26mm and for OJ exam and
OJ scan 0.11mm.

3.1 Two one-sided test for equivalence for OB and OJ.
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Figure 2: First part of OB exam and OB scan and two one-sided t-test for equivalence. P-value= 0.016
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Figure 3: Second part of the two one-sided for equivalence of OB exam and OB scan. P-value: 0.016. Since both pvalues are less than 0.05 this means that the means are equivalent.
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Figure 4: First part of the two one-sided t-test for equivalence of OJ Exam and OJ scan. P-value: 0.001
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Figure 5: Second part of the two one-sided t-test for equivalence for OJ scan and OJ exam. P-value: 0.005. Since both
p-values are less than 0.05 this means that the means are equivalent.

The chi-square test determined that there is no difference between clinical exam and scan for
Angle class 1,2,3. The results of the gingival health classification between the clinical exam and
the scan were exactly the same.
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Table 3: Time in seconds and number of pictures taken by staff and self-scan, their gender and age. Blanks mean incomplete. The high-lighted rows show the
clinically acceptable volunteers’ scan compared to the staffs’ scans.
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The sample included 39 volunteers. 34/39 volunteers finished both upper and lower scans to the
best of their capabilities. 23/39 volunteers self-scanned themselves at the time of when fixed
appliances or clear aligners were debonded, 15/39 volunteers were at the time of records and
1/39 volunteer while it was in treatment. 12/39 volunteers provided clinically acceptable selfscans.

Figure 6: Upper arch superimposition, frontal view. Maximal superimposition discrepancy: 0.33 mm.

Figure 7: Upper arch superimposition, occlusal view. Maximal superimposition discrepancy: 0.33 mm.
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Figure 8: Lower arch superimposition, occlusion view. Maximal superimposition discrepancy: 0.37mm.

Figure 9: Lower front view of lower are superimposition. Maximal superimposition discrepancy: 0.37mm

36

Figure 10: Left side occlusion superimposition. Maximal superimposition discrepancy: 0.21mm
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4. Discussion
The results fully reject the primary null hypothesis as the clinical exam and the staffs’ scans were
deemed equivalent. The two one-sided tests used to determine equivalence for OB and OJ
provided p-values less than 0.05. The chi-square test for determining if the Angle classification
for canines and molars were equivalent provided values to also reject the null hypothesis. For the
gingival health reading, it was a 100% match between the clinical exams and staffs’ scans which
also provided values to reject the first null hypothesis.
By rejecting the null hypothesis, we can argue that the clinical exams and the staffs’ scans provide
equally accurate measurements. However, more accurate and precise measurements of OB and
OJ to the decimal number instead of rounding up or down can help determine a more meticulous
treatment choice. When measuring the OB and OJ, there is also the possibility of human error,
for example, the angulation of the periodontal probe while measuring OB or OJ can lead to reading
errors. Having a more precise measurement could definitely help manage the case with greater
efficiency and minimize margins of errors for a faster and more accurate treatment.
While there were some discrepancies while classifying the Angle classification of canines and
molars, the chi-square test showed that both clinical exam and scan classifications were
equivalent. Some of the reasons for these discrepancies could have been that the patient moved
while the clinical exam was being performed. A simple slide of the lower jaw could provide an
erroneous classification and provide an erroneous measurement. It is common that when patients
are asked to bite down, they bite with their anterior teeth at edge to edge to show more teeth for
the doctor, but this is normally caught by a seasoned doctor. However, there are some patients
that are not aware of their centric occlusion so sometimes they bite differently, delivering an untrue
Angle canine and molars classification. When the scan measures the bite registration, it scans
the bite bilaterally and then stiches the lower arch and upper arch to the bite registration. If after
the second bite registration the upper and lower arch cannot be stitched together agreeing with
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the other bite registration, there is clearly a measurement discrepancy which forces the provider
to rescan both bite registrations to avoid shifts while measuring the bite registrations. If a second
bite registration cannot stich both arches together, it proves that one of the arches or both have
discrepancies that need to be corrected. This is a great checkpoint to minimize mistakes in Angle
classification measurements. In vivo measurements can be more difficult due to patient behavior
and movement, as well as tongue positioning and saliva, but by creating an instantaneous digital
model that can be rotated and zoomed in and out, the IOS allows the provider to check for
mistakes and rescan them instantly. Another way to compare both clinical exams and intraoral
scans could be comparing the occlusion stops. The software used for this study has a feature that
can provide the occlusion stops between the upper teeth and the lower teeth. These could then
be compared to an intraoral occlusion stop test. This would be another interesting way to test the
accuracy of the intraoral scans.
While the gingival health diagnosis matched 100% between the results of the clinical exam and
intraoral scan, as a clinician I still prefer clinical examination when checking for gingival health.
Although the color and texture of the gingiva were detailed enough to see inflammation, gingiva
texture and coloring, probing for periodontal pockets and palpating the gingiva help to develop a
more precise diagnosis. However, by being able to record the gingival health with progressive
images, the provider can show the patient their situation and address concerns. Nevertheless, it
is critical to point out that a clinical exam not only entails an intraoral check but also a series of
clinical questions to find out if there are any symptoms or other concerns; but these could be
asked and answered in other ways such as a telephone call, text, or email to name a few.
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Figure 11 -Right occlusion shot. Irritated and inflamed periodontal tissue and possible presence of plaque and
calculus.

Figure 12 – Right occlusion shot. Irritated and inflamed periodontal tissue.

The intraoral scan also provides a digital model as a record-keeping tool for treatment. As the
clear aligner treatment becomes more popular, more providers are using IOS for this type of
treatment. Due to the infancy of clear aligner therapy, a lot of biomechanics of tooth movement
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are not fully understood and many protocols are being developed with little-to-no scientific
evidence. Scanning between appointments and being able to do precise measurements could
benefit both the doctor and the patients. The doctor can record and understand the movements
by quantifying the changes through precise measurements and the patients could benefit from
faster and more efficient treatments.
Another benefit of having a digital model is that it can be integrated to other 3D imaging. Newer
software can integrate intraoral scans to CBCT scans. For these integrated models, IOS provides
detailed and high-resolution three-dimensional models of soft and hard intraoral tissues and the
CBCT provides three-dimensional models of roots and supporting bone structures. This
combination allows for the creation of a complete virtual three-dimensional model of the patient.
Not only does this virtual patient help determine the best and safest treatment possible, but it is
also easy to share with other clinicians or for research purposes.
Polaris (Orthoscience, California, USA) is a new worldwide digital platform for orthodontists that
allows orthodontists to share cases that have been treated with their subsequent appliances and
timeframes. This type of brand-neutral platform can help orthodontists compare and discuss
cases from orthodontists from all over the world and learn to become better and faster. As our
treatment records become more precise and digital, we have access to a quicker and more
efficient way to organize and utilize data to elevate our specialty and treat our patients better. Just
like Hans’ conclusion with the implementation of CBCT, “with more than 12,000 practicing
orthodontists in the United States alone, each finishing at least 100 patients a year, there are
potential 1.2 millions subjects for orthodontic research”, intraoral scan data can provide answers
to even the most challenging questions facing our specialty.
The second null hypothesis was not able to be rejected. The results portrayed a wide array of
results from almost identical clinically acceptable scans to unfinished scans. Figures 6-10 show
a few successful self-scans. Although only five volunteers were not able to conclude both upper
and lower scans, some of the scans were extremely distorted or missed a lot of tooth surfaces
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and structures. Moreover, there were cases where only the buccal surfaces of the teeth were
scanned and some only scanned the anterior teeth. These can be seen in figures 14-23.

Figure 13: Superimposition of an upper arch. The colors describe the discrepancy between the staff’s scan and the
self-scan. Maximal superimposition discrepancy: 3.42mm.

Figure 14: Superimposition of the lower arch. Frontal view. The colors describe the discrepancy between the staff’s
scan and the self-scan. Maximal superimposition discrepancy: 0.84mm.
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Figure 15: Superimposition of the lower arch. Occlusal view. The colors describe the discrepancy between the staff’s
scan and the self-scan. Maximal superimposition discrepancy: 0.84mm.

Figure 16: Superimposition of the upper arch. Occlusal view. The colors describe the discrepancy between the staff’s
scan and the self-scan. Maximal superimposition discrepancy: 3.42mm.
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Figure 17: Self-scan of the upper arch. Frontal view.

Figure 18: Self-scan of the same arch in

These scans might show a glimpse of their dental IQ and oral hygiene practices at home. Although
the 3Shape tutorial video and the instructions in the paper handout given to subjects covers all
the necessary information of what an acceptable scan should be like and how to obtain it, a large
number of the volunteers showed poor control and poor dental IQ while scanning themselves.
Only 12 out of 39 volunteers were able to scan themselves to acceptable clinical standards.
This is not to say that the volunteers that were not able to provide an accurate scan will never be
able to deliver an accurate scan. According to Magano et al. subjects with greater affinity for the
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world of technology and computers will find it very easy to adopt IOS in their practice. There are
several research studies out documenting the learning curve of staff with intraoral scanners which
state that the learning curve is slow (Kim et al., 2016). Maybe measuring the self-scanning
outcome after one 7-minute tutorial and a detailed handout was too optimistic to achieve a
clinically acceptable scan from first time IOS user. There are no studies on the learning curve for
self-scanning at the moment but this would be an interesting future study to conduct. Furthermore,
as the hardware of the scanners become more powerful and smaller, and the software become
smarter, self-scanning will most likely be easier. Additionally, a mini course of self-scanning that
starts by scanning a dental model first and additional training sessions with a final practical test
could be taught to patients that are interested in benefitting from teledentistry and personal dental
monitoring.
On the other hand, there were a few cases where it was not just the volunteer’s dental IQ, dexterity
or patience. A few cases had metal crowns, restorations, severe crowding and long bridges which
made it substantially harder to scan themselves. In these cases, even the staff could not scan the
lower long span bridge completely as seen in figures 23-26. It may be that IOS might not work for
every case specially for patients with long span bridges or severe crowding and rotations.
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Figure 19: Staff scan of a lower arch with a 2 3-unit bridges. Frontal view.

Figure 20: Staff scan of a lower arch with 2 3-unit bridges. Left side view.
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Figure 21: Staff scan of a lower arch with 2 3-unit bridges. Occlusal view.

Figure 22: Staff scan of a lower arch with 2 3-unit bridges. Right side view.

In Table 3, we can see the side-by-side the time and the number of pictures taken to scan each
arch between the staff and self-scan. Predictably both time and number of pictures were less
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when the staff scanned the volunteer. When we focus on the numbers of clinically acceptable
self-scans, the volunteers took 76 seconds longer and 258 intraoral pictures per arch more than
the staff. These numbers provide a glimpse of how easy it is to self-scan oneself with an IOS if
the volunteer understands the system and the steps—even as a first-time user. Furthermore,
there were a few more scans that had a discrepancy of <0.5mm compared to the staff scan but
missed one or two surfaces of second molars thus making them clinically unacceptable. There
were also some scans that provided one precise arch but the opposing arch was incomplete or
exceeded in the minimal clinical acceptable discrepancy for it to be clinically acceptable. If the
IOS software included a quality control test that could let the volunteer know that he/she is missing
a spot like the dental monitoring system, such as the occlusal surface of a second molar, we
would have had a few more clinically acceptable scans.

Figure 23: Superimposition of lower arch. In gray, the staff’s scan. The colored part is where the staff’s scan and the
self-scan are superimposed. The self-scan is missing the lower right first and second molars, and the left second molar.
Maximal superimposition discrepancy: 1.05mm.
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Figure 25: Successful lower arch self-scan frontal view.

Figure 26: Successful lower arch self-scan occlusal view.

49

Figure 27: Failed upper arch self-scan, frontal view.

Figure 28: Failed upper arch self-scan, occlusal view.

Within those 12 volunteers who provided clinically acceptable scans, the average age was 26.3
years old. The youngest volunteer was a 16-year-old male and the oldest a 46-year-old female.
Of the 27 volunteers that did not provide an accurate scan, the average age was 22.3-years-old.
The youngest was a 13-year-old female and the oldest a 48-year-old female. This data can be
seen in the box-plots in figure 29.
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According to this data, the age range of the volunteers did not have any influence on their ability
to provide a clinically unacceptable scan. In other words, age does not determine whether a
person can provide an unusable self-scan. However, within the clinically accepted self-scan, 50%
of the successful self-scans were produced by volunteers between 22-27 years old. A tentative
explanation to this trend could be that this generation grew up in contact with computers and video
games that prepared volunteers better for hand-eye coordination tasks and usage of technology.

Figure 29: Age distribution of both clinically acceptable and clinically unacceptable self-scans.

In terms of gender, 6 males provided accurate scans out of a total of 13, while 6 females did the
same out of a total of 26. One could suggest that gender affects the accuracy of delivering a
clinically acceptable scan. A superficial explanation could be that men, around this age group,
grew up playing more video games that helped exercised three dimensional skills. According to
the study conducted at the Max Planck Institute for Human Development and Charité University
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of Medicine in Berlin, video gaming can stimulate the growth of neurons and promote connectivity
in the regions of the brain responsible for spatial orientation, memory formation, and strategic
planning. In a study done at the University of California, San Francisco, researchers found that 3D driving video games improved mental skills like multitasking and focusing in older adults (How
video gaming can be beneficial for the brain | Max-Planck-Gesellschaft, n.d.; Kühn et al., 2014).
Surprisingly there were only four successful scans out of 23 debonded patients compared to eight
out of 27 records scans. Counterintuitively, patients that are finished with treatment would have a
better intraoral familiarity and a higher dental IQ than patients that are early in their treatment
since they have been routinely clinically checked and in treatment for the past months maybe
even years. According to the data, the most capable of providing an accurate scan that is clinically
acceptable would be a 26.3 years old male at the time of records. However, there are various
variables in play and the group size is too small to make a clear conclusion. A larger sample group
would help confirm if this is correct.
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5. Conclusion
The results in this study portray a few of the capabilities IOS possess today in improving the
delivery of orthodontic treatment. It has the potential of providing more efficient and shorter
treatment times by optimizing orthodontic clinical exams, visits, and diagnosis. It can provide
substantial and easily quantifiable data for research, and presents the potential to provide
orthodontic telendentristry. The first part of the study showed that IOS can be as precise as a
clinical orthodontic exam. However, in some cases, usually with long edentulous spans or long
fixed prothesis, a clinically acceptable and usable scan is difficult to get. The second part of the
study showed that only a few were able to produce clinically acceptable first time self-scans.
Some self-scans were very close to achieve clinically acceptable self-scans. The most successful
group with clinically acceptable self-scans was a 26.3 years old male at the time of records.
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